in the first portion ot" this study, the el}bets of two levels of" contralateral masking on tbe auditory brainstem response (ABR) were investigated in 10 normal-hearing subjects. No significant changes were observed in the mean latency-intensity functions or the mean amplitude-intensity t~mctions of this group of subjects when noise of various levels was added to the nontest ear. In the second portion of this stud}, ABRs were also recorded from the poorer ear of four subjects with a l~rofbund unilateral sensorineural hearing loss. Results fi'om the latter group revealed a crossed-over wave V in all cases when the stimulus was delivered to the poorer ear and the nontest (better) ear was not masked. Contralateral masking obliterated this "crossed ABB" in all fimr tmilaterally impaired subjects. These results provide support fi~r the use of c(mtralateral masking when recording from the poorer ear of subjects having asymmetrical hearing loss.
IIII
Over the past 10 years, numerous investigators have examined the effects of a variety of parameters on the auditory brainstem response (ABR), that is, the series of neuroelectric potentials measured from the scalp within 10-12 msec following the presentation of transient acoustic stimuli (e.g., Davis, 1976; Fria, 1980) . Much of this research activity has led, either directly or indirectly, to the establishment of clinical procedures for measurement of the ABR. One stimulus-related variable that has been studied recently is the introduction of masking noise to the contralateral or nontest ear. Existing literature is unclear as to whether masking of the nontest ear is necessary for clinical measurement of the ABR. Finitzo-Hieber, Hecox, and Cone (1979) , for example, obtained ABRs from two adults with unilateral deafness. No identifiable responses were observed when stimulating the poorer ear at levels of 110-117 dB peak equivalent sound pressure level (p.e. SPL re: 20 /xPa). The authors concluded, therefore, that contralateral masking may not be necessary with ABR. Chiappa, Gladstone, and Young (1979) , on the other hand, recorded recognizable waveforms of increased latency" upon stimulation of the poorer ear in two cases of complete unilateral hearing loss when the nontest ear was not masked. The addition of masking to the nontest (better) ear abolished the recorded response. Based on these findings, the latter authors recommended the use of contralateral masking in clinical situations. Chiappa et al. (1979) also studied the effects of contralateral masking on the ABR of normal-hearing young adults. Click-evoked ABRs were obtained from 12 normal hearers in both unmasked and masked conditions for a stimulns presentation level of 60 dB SL. The masking stimulus was a broadband noise presented at a "sensation level" (SL) of 60 dB. The reference used to establish SL, however, was not specified. That is, it was unclear if 60 dB SL referred to a threshold for the noise, or if it was referenced to a level sufficient to mask a 60 dB SL click.
Nonetheless, Chiappa eta] . (1979) were unable to observe any effect of the eontralateral masking noise on the latencies and amplitudes of the ABR in normal hearers. They noted, however, that there was some change in the shape of the waveform in several subjects brought about by the addition of masking to the nontest ear.
The effects of presenting a masking noise to the nontest ear on the response obtained from the test ear are critical to the successfill interPretation of the ABR in clinical settings. One must be aware of the limitations on the use of the unmasked and masked ABRs in order to localize a lesion effectively or to establish the degree of impairment accurately. In view of the foregoing, the present study evaluated in more detail the effects of contralateral masking on the ABR. The effects of contralateral masking on the ABR of normal hearers were studied in a systematic fashion using a variety of stimulus and masker intensity levels. In addition, four subjects with profound unilateral sensorineural hearing Ioss were studied. From the latter subjects we obtained information regarding the existence of a crossover hraiustem response and the estimation of interaural attenuation for click stimuli.
The first section of this report describes an experiment in which the effects of a contralateral masking noise on the ABR was studied in 10 normal hearers. The second section contains case studies describing the ABRs obtained from four cases of profound unilateral sensorineural hearing loss.
EXPERIMENT

Method
Subjects. The l0 norlnal-hearing young adults (5 men, 5 women) ranged in age from 23 to 33 years with a mean age of 26 years. All subjects had pure-tone air- Instrumentation. Rarefaction click stimuli were produced by a pulse generator (Nieolet 1007A) with a nominal duration of i00/zsec. Results of a spectral analysis of the click stimulus transduced via a TDH-39 earphone and measured acoustically in a four-branch Zwislocki coupler are depicted in Figure 1 . As shown, click energy was confined primarily to the frequency region of 500 Hz-5 kHz with the largest peaks at approximately 800 and 3000 Hz. The clicks were presented to subjects monaurally via the shielded TDH-39 earphone at a rate of i1.3 per see.
at a sensation level of 20 or 40 dB. Then broadband noise was introduced into the same ear and adjusted in 10-dB steps until it masked the click stimulus. We recognize that in using 10-dB increments it is tenuous to call this 20 or 40 dB "effective masking." It is more accurate to say that it is at least a 20-or 40-dB effective masker. ABB measurements were performed in a relatively quiet test room having an ambient noise level below that required for audiometric testing (ANSI $3.1-1977) except in the low-frequency range (< 250 Hz). Measurements were obtained with subjects resting comfortably in a supine position. Data for eaeh subject were collected in one session lasting approximately 2 hours. The active electrode was placed at the vertex with reference and ground electrodes at either mastoid. All electrodes were standard EEG disk electrodes. Electrode impedance monitored periodically throughout each session did not exceed 5 kfL The impedances of the active and reference electrodes, moreover, were always within 1 kf~ of one another. Neuroelectric responses were passed through a preamplifier (Nicolet HGA200) with a gain of 104 and subsequently amplified and bandpass filtered between 150 Hz and 3000 Hz. The responses were averaged over 2000 stimulus repetitions by a signal averager (Nieolet CA-1000).
Procedure. Behavioral threshold for the click stimulus was determined using an ascending-descending method of limits and a 2-dB step size. Click stimuli were presented at sensation levels (re: behavioral threshold for the cliek stimulus) of 40, 60, and 80 dB, with the order of presentation varied among subjects. Broadband noise transduced by a TDH-39 earphone served as the masker stimulus and was presented contralaterally at intensity levels sufficient to mask elick stimuli delivered to the same ear at 20 and 40 dB SL (referred to here as 20-and 40-dB effective masking). That is, clicks were presented
Results
Figure 2 provides an example of the recordings obtained at a click sensation level of 60 dB under unmasked and masked conditions for one normal-hearing subject. The two traces in Figure 2A depict the testretest recordings for the unmasked condition. The first five waves of the early response are clearly present and repeatable. The two tracings in Figure 2B and 2C illustrate the effect of the eontralateral masking noise at levels of 20 dB and 40 dB effective masking, respectively. Note that contralateral masking has little effect on the ABR obtained from this normal hearer. The bottom I ~.IUV tracing ( Figure 2D ) superimposes four response traces obtained from the same subject for a click presentation level of 80 dB SL. As in the upper three panels, Figure  2D demonstrates the insignificant effects of the 20-and 40-dB contralateral maskers. As expected, at lower sensation levels wave V remained observable in all subjects while the earlier waves were observed less consistently across subjects. Note, for example, the loss of wave I in Figure 2 as the click level was decreased from 80 dB SL ( Figure 2D ) to 60 dB SL (Figure 2A -C). For this reason, analysis of the data from the normal hearers at all presentation levels and masker intensities focuses on wave V results.
The individual data obtained for wave V from all 10 normal hearers were consistent with the trend illustrated in Figure 2 for a single subject. This is evident in the mean masked and unmasked latency-intensity functions for wave V as depicted in Figure 3 . The solid line represents the mean latencies for the unmasked condition at the various sensation levels, and the shaded region represents the 99% confidence interval centered around the mean latency values. The other two functions represent the mean data for the masked conditions. It is dear that mean latency-intensity functions do not differ significantly (/9 > .01) across masking levels with respect to the unmasked condition. Although not shown in Figure 3 , it is important to state that individual data points for all subjects in the masked condition were within the 99% confidence intervals for the unmasked data. Figure 4 demonstrates the mean amplitude-intensity functions for wave V in the masked and unmasked conditions. As in Figure 3 , the shaded area represents the 99% confidence interval around the mean unmasked wave V amplitude at the various sensation levels. Again, no statistically significant difference (19 > .01) is observed in wave V amplitude for the masked and unmasked conditions, although the separation of the mean functions is more noticeable, especially for the 20-dB masker. The trend apparent in the mean data also proved to be the case for individual data points. That is, individual amplitude values for the masked conditions were all within the 99% confidence interval for the unmasked data. Figure 5 shows the mean wave V latency and amplitude differences produced by the contralateral masking noise. The data for the 20 dB masker are shown in the top portion of the figure, with the data for the 40 dB O.7 masker in the lower portion. The solid circles show the difference in wave V latency b e t w e e n the u m n a s k e d and masked conditions, while the open circles display the difference in wave V amplitude. Negative values for the l a t e n c y d i f f e r e n c e i n d i c a t e t h a t t h e l a t e n c y in t h e masked condition was greater than that in the u n m a s k e d condition. A positive amplitude difference, however, indicates that the addition of eontralateral masking noise r e d u c e d the amplitude of wave V. W h e n analyzed in this manner, there is a trend toward r e d u c e d a m p l i t u d e and increased latency of wave V w h e n noise is introduced to the nontest ear. This trend, however, is not strong or consistent, e s p e c i a l l y for the data o b t a i n e d w i t h the 40-dB masker. FIGURE 5. Mean differences in the latency and amplitude values of wave V produced by eontralateral masking at two levels. Wave V latency differences between unmasked and masked conditions are shown by solid ciretes, w~th a negative result indicating a greater latency in the presence of masking. Open circles represent wave V amplitude differences between unmasked and masked conditions with a positive result indicating a reduction of amplitude in the presence of masking.
C A S E S T U D I E S
Four unilaterally deaf subjects participated in this portion of the study. Pure-tone air-conduction thresholds are provided in Table i . As shown, only p r e s u m e d tactile responses were observed in the poorer era-when appropriate masking was introduced into the nontest ear. In addition, it is apparent from the data in Table 1 that Note. NR = no response, apresumed tactile sensation.
conduction findings in both ears were fully supported by bone-conduction testing. In addition, normal tympanograms w e r e obtained bilaterally.
The
the first part of this paper. Next, behavioral threshold for the click stimuli was det e r m i n e d for the poorer ear without any masking being introduced to the nontest ear. The difference in these two behavioral thresholds provided an estimate of the interanral attenuation for the click stimulus. This derived interaural attenuation value permits the estimation of the click level reaching the good ear for a given presentation level to the poorer ear. Assume, for instance, a good-ear click threshold of 30 dB p.e. SPL and an interaural attenuation value of 70 dB for the click stimulus. Presentation of a click at a p.e. SPL of 120 dB to the poorer ear, therefore, results in a 50 dB p.e. SPL signal being delivered to the good ear. In this example, that would correspond to a click sensation level of 20 dB.
After we measured behavioral threshold for both ears and derived the interaural attenuation values, we began to measure ABRs. An ABR was first obtained from the good ear for a click level of 60 dB SL to verify the presence of a normal ABR on that side. Having confirmed this, a second response was obtained at a sensation level corresponding to the assumed click level that would be p r e s e n t w h e n s t i m u l a t i n g t h e p o o r e r ear w i t h the maximum click intensity (135 p.e. SPL). Next we demonstrated that the latter ABR could be masked by introducing masking noise to the good ear at the appropriate effective masking level.
Next, we recorded the ABR of the poorer ear. Click stimuli were p r e s e n t e d first at the maximum click level without contralateral masking. If we observed a recognizable response under these conditions, we introduced masking noise to the nontest ear at a level sufficient to mask the crossed-over click stimulus as d e t e r m i n e d from the prior behavioral estimate of interaural attenuation. The masking noise was then turned off, and a series of u n m a s k e d ABRs w e r e o b t a i n e d for successive 10-dB decrements in click level.
The test invironment, stimulus parmneters (duration, repetition rate, etc.), and m e a s u r e m e n t parameters (filter settings, gain of preamplifier, number of responses averaged, etc.) were identical to those described in the preceding portion of this experiment.
Case 1
Case 1 was a 12-year-old girl with a profound sensorineural hearing impairment of unknown etiology in the left ear (see Table 1 ). The upper two traces in Figure  6A represent the ABR obtained by stimulating the poorer ear of this subject at the maximum possible click level (135 dB p.e. SPL). Wave V is easily recognizable at a latency of 7.53 msec and shows good test-retest reliability. A response is observable in this condition for click levels as low as 125 dB p.e. SPL (middle two traces in Figure 6A ). The click level crossing to the normalhearing nontest ear was determined by subtracting the individual's behaviorally determined interaural attenuation for clicks from the maximum presentation level. The interaural attenuation values for all four cases are shown in Table 2 . As can be seen, Case 1 had an interaural at- Figure 6B . Wave V latency is seen to be between 6.63 and 6.93 msee (£ = 6.78 msee). This response can be viewed as an approximation of the ABR recorded as a result of crossover. A comparison of Figures 6A and 6B reveals that the latency of wave V recorded by stimulating the better ear directly at 25 dB SL is .75 msee shorter than the response observed as a result of crossover. With the clicks remaining at 25 dB SL in the better ear, broadband noise was then introduced to the same earphone until the clicks were just masked. Figure  6C shows the ABR obtained under these conditions. No recognizable responses are observed under masking. Figure 6D exhibits the ABR when this same level of masking is presented to the better ear and the poorer ear is stimulated with clicks at the maximum possible level.
Comparison of Figure 6A to 6D illustrates the effects of contralateral masking (Fig. 6D ) on the crossed ABR ( the interaural attenuation factor (Fig. 6C) . Note that this level of masking in the nontest ear is suffieient to obliterate the crossed-over ABR.
Case 2
The ABBs in Figure 7 are those recorded from Case 2, a 16-year-old boy with a profound congenital unilateral hearing impairment on the left side (see Table i ). The conditions presented in this figure are the same as those described for Figure 6A p.e. SPL) with clicks presented to the poorer ear in the absence of contralateral masking. A clear wave V is observable at a latency of 8,20 msec. In the unmasked condition, wave V was not observed in the poorer ear of this subject at lower click levels. As shown in Table 2 , interaural attenuation for Case 2, determined behaviorally, was 73 dB. Subtracting 73 dB from 135 dB p.e. SPL yields a 62 dB p.e. SPL click arriving at the better ear. This corresponds to a sensation level of 16 dB when the behavioral eliek threshold of 46 dB p.e. SPL is considered. Figure 7B shows the ABR recorded when the better ear is stimulated directly at 16 dB SL. Wave V is visible at a latency of 8.29 msee and shows good test-retest HUMES & OCHS:ABR Masking 533 reliability. The difference in wave V latency between Figure 7A and Figure 7B is .09 msec. As described for Case 1, an effective level of masking was established behaviorally for the 16-dB SL elicks. Presentation of the masking noise at this level in the same earphone as the clicks obliterated the ABR for the better ear ( Figure 7C ). Figure 7D represents the ABRs observed with the maximum click level possible presented to the poorer ear and a 16-dB SL effective level of masking presented eontralaterally. The upper trace reveals that wave V is still visible at this masking intensity. The response disappears, however, when the masking level is increased another 10 dB, as indicated by the lower trace in Figure  7D .
Case 3 Figure 8 shows data for Case 3, a 12-year-old girl with a complete unilateral sensorineural hearing loss in the right ear (see Table 1 ). Etiology was skull trauma as a result of an automobile accident at age 7 yrs. Panels A-D in Figure 8 are the same conditions described for the two previous subjects. Figure 8A reveals the presence of wave V when dicks are presented to the poorer ear without contralateral masking. At the maximum click intensity (upper two traces), wave V latency is between 7.70 and 7.88 msec. Wave V is still observable at a latency of 8.01 msec following a 10-dB decrement in click level, as shown in the middle two traces of Figure 8A . No response is observed when click level is decreased another 10 dB (lower two traces in Figure 8A ). Interaural attenuation was 70 dB for this subject (Table 2) , and the click threshold of the good ear was 42 dB p.e. SPL. The sensation level at the better ear for the 135-dB p.e. SPL presentation level, therefore, was 23 dB SL. Figure 8B shows the ABR obtained by stimulating the better ear directly at 23 dB SL. Wave V is present at a latency of 6.88-6.98 msec, which again is a shorter latency than that observed as a result of crossover (a difference of .86 msec). Figure 8C shows the ABR corresponding to Figure 8B in the presence of ipsilateral masking at a level sufficient to mask a 23-dB SL click behaviorally. The absence of response reflects the effectiveness of the noise in masking the ABR. Figure 8D shows the absence of ABR in the presence of 23-dB effective masking introduced contralaterally when the poorer ear is stimulated with clicks presented at the maximum level.
Case 4
The ABR responses shown in Figure 9 are from a 24-year-old female whose unilateral sensorineural loss (see Table 1 ) is thought to be congenital, although the specific etiology is unknown. The upper tracings in Fig much as 20 dB, as is shown in the second and third tracings of Figure 9A . Interaural attenuation for this subject was calculated to be 70 dB (Table 2 ). Figure 9B shows the ABR recorded from the good ear at a sensation level corresponding to the estimated cross-over that results when the poorer ear is stimulated maximally. Wave V is present at 6.80 msec latency, which is shorter than that observed in Figure 9A . Figure 9C demonstrates the absence of the ABR in the presence of masking noise at an appropriate masker level when clicks and masking are both presented to the better ear. Figure 9D demonstrates again that the ABR in Figure 9A (top traces) can be obliterated by the presence of contralateral masking. 
DISCUSSION
The data obtained for noxTnal hearers suggest that contralateral masking by a broadband noise does not significantly affect either the latency or amplitude of the ABR. This finding is consistent with the results reported by Chiappa et al. (1979) using a single click presentation level (60 dB SL) and a somewhat ambiguous masking level. This finding held, moreover, even when the ratio of click level to masking noise level was 0 dB (i.e., 40-dB effective masker and 40-dB SL click).
The noise levels used in this study were most likely insufficient to evoke middle ear muscle contraction in the subjects tested. The use of reflex-activating noise levels may produce some ehanges in the latency and amplitude values for wave V; however, this issue was not explored here.
The interaural attenuation values from the case studies, however, suggest that higher noise levels may not be needed. That is, with 70-75 dB of interaural attenuation, an average behavioral threshold for clicks of 49. dB p.e. SPL for normal hearers, and a maximum click level of 135 dB p.e. SPL for our test equipment, crossed click sensation levels will be approximately 20 dB. A 40-dB effective masker (i.e., one that can mask a 40-dB SL click for normal hearers) is more than adequate to mask the nontest ear under these conditions. For lower click presentation levels to the test ear or for nontest ears with hearing loss, an even lower masker level would suffice. The 40-dB effective masking level has the advantage of not being able to elicit middle ear muscle contraction. In addition, a masker of this intensity would avoid cross masking that could affect the click level in the test ear.
Unfortunately, we cannot recommend that all clinics use a contralateral masking level sufficient to mask a 40 dB SL click presented to the same ear of a normal hearer. Several factors prohibit such generalization. First, interaural attenuation is known to vary with frequency (Studebaker, 1967; Zwisloeki, 1953) . Clicks having an amplitude spectrum unlike ours (Figure 1) may not yield the same interaural attenuation values. Second, behavioral threshold for normal hearers may vary with the specific click stimulus generated by the test system. In addition, maximum output levels may also vary with the test instrument, as will the spectrum of the masking stimulus.
The results obtained from the ease studies suggest that eontralateral masking is necessary when measuring ABRs from the poorer ear of unilaterally hearingimpaired subjects. This finding appears to be consistent with the conclusions reached by Chiappa et al. (1979) and at odds with the findings of Finitzo-Hieber et al. (1979) . A host of procedural differences among the three studies might be offered to explain this discrepancy in outcome, Differing click spectra and maximum click levels are two possible factors. Regarding the latter, close inspection of the upper panel in Figures 6-9 of this study, indicates that a crossed ABR was not observed in any of our four impaired subjects for click presentation levels below 115-125 dB p.e. SPL. Finitzo-Hieber et al. (1979) used presentation levels of 110 and 117 dB p.e. SPL and failed to observe a crossed ABR in their unilaterally impaired subjects. This is consistent, then, with the data from the present investigation. Unfortunately, Chiappa et al. (1979) failed to indicate the sound pressure level of the click stimulus used with their two impaired subjects that demonstrated ABR crossover.
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Finally, in each of the four cases of this study there was less than perfect agreement between the crossover ABR and the ABR obtained from the good ear when stimulated directly at the estimated crossover level. Differences in wave latency, amplitude, and morphology were observable. There are several factors that may be responsible for the less than perfect agreement between these two ABRs. One of the more probable factors is the frequency-dependent nature of interaural attenuation (Studebaker, 1967; Zwislocki, 1953) , suggesting that the high-frequency energy of the click stimulus would be attenuated by a greater amount than the low-frequency energy. Thus, the crossed stimulus has much more of its energy in the low frequencies and may be expected to produce ABRs of differing latency, amplitude, and morphology.
